Background--There is a paucity of contemporary data on the characteristics and outcomes of acute ischemic stroke (AIS) in patients on maintenance dialysis.
S
troke is a leading cause of morbidity and mortality worldwide. 1 Patients with end-stage renal disease receiving maintenance dialysis have higher incidences of both ischemic and hemorrhagic strokes compared with the general population. [2] [3] [4] [5] In addition, distinctive risk profiles, mechanisms of stroke, and racial disparities have been suggested in several population studies of ischemic stroke in the dialysis population. [2] [3] [4] [5] [6] [7] [8] [9] Dialysis status has also been shown to be an independent predictor of in-hospital mortality following acute stroke. 2, 5, [10] [11] [12] However, contemporary studies focusing on the incidence, characteristics, and outcomes of acute ischemic stroke (AIS) in patients on maintenance dialysis are sparse. This study uses a large nationwide representative sample and aims to assess (1) temporal trends in the incidence of AIS among patients on maintenance dialysis, (2) the characteristics and clinical risk profiles of dialysis patients admitted with AIS, and (3) temporal trends in in-hospital morbidity and mortality, cost, and resource utilization among dialysis and non-dialysis patients.
Methods
The data, analytic methods, and study materials will be made available upon request to other researchers for purposes of reproducing the results.
Study Data
The Nationwide Inpatient Sample (NIS) was used to derive patient relevant information between January 1, 2003 and December 31, 2014. NIS is the largest publicly available allpayer administrative claims-based database and contains information about patient discharges from 1000 hospitals in 45 states. It contains clinical and resource utilization information on 5 to 8 million discharges annually, with safeguards to protect the privacy of individual patients, physicians, and hospitals. These data are stratified to represent %20% of US inpatient hospitalizations across different hospital and geographic regions (random sample). National estimates (NE) of the entire US hospitalized population were calculated using the Agency for Healthcare Research and Quality sampling and weighting method. The Institutional Review Board at West Virginia University exempted the study from board approval and waived the requirement for informed consent because the NIS is a publicly available deidentified database.
Study Population
Patients with a principle discharge diagnosis of AIS (International Classification of Diseases-Ninth Revision-Clinical Modification [ICD-9-CM] codes 433-437.1) during the study period were identified. The study population was then further divided into 2 groups based on maintenance dialysis status. Maintenance dialysis was defined as patients with ICD-9-CM code for end stage renal disease 585.6, procedure code for hemodialysis 39.95 or peritoneal dialysis 54.98 and absence of ICD-9-CM code for acute kidney injury 584.X. ICD-9-CM codes 584.X have >90% sensitivity and negative predictive value for acute kidney injury. 13 Patients admitted with AIS with or without maintenance dialysis status were entered into a nearest neighbor 1:1 variable ratio, parallel, balanced propensity-matching model using a caliper of 0.01 without replacement to derive 2 propensity matched groups of patients for comparative analyses. A flow diagram of the study population is shown in Figure 1 . The variables included in the propensity match model are listed in Table S1 .
Study End Points
The primary end points of the study were (1) Incidence rate of AIS among dialysis and non-dialysis patients, and (2) inhospital mortality. Secondary end points were (1) in-hospital morbidities (bleeding and infectious complications), (2) surrogates of severe disability (non-home discharges, gastrostomy, mechanical ventilation, and tracheostomy), and (3) cost of hospitalization and length of stay. These end points were compared between 2 study groups before and after propensity score matching. The ICD-9 codes used to identify secondary end points are listed in Table S2 .
Statistical Analysis
Outcomes analysis was performed using the actual 20% sample available in NIS, while the trend analysis was performed using the national estimate. This is a standard methodology in other research involving the NIS. 
Clinical Perspective
What Is New?
• Dialysis patients have 8-fold higher incidence of acute ischemic stroke than non-dialysis patients.
• Patients of black race constituted 35% of all dialysis patients admitted with ischemic stroke.
• Acute ischemic strokes in dialysis patients are associated with higher in-hospital morbidity, mortality, resource utilization, and cost compared with acute ischemic patients not on dialysis, although the mortality difference between the 2 groups narrowed overtime.
What Are the Clinical Implications?
• Further research is needed to identify effective stroke prevention strategies in dialysis patients, given the persistent high incidence of ischemic stroke among them.
statistical analyses were performed with SPSS version 24 (IBM Corporation, Armonk, NY) and R, version 3.3.1.
Results
A total of 930 010 patients (representing a national estimate of 4 579 486 patients) were admitted with AIS between 2003 and 2014, of whom 13 642 (1.5%) were on maintenance hemodialysis. Averaged over the study years, the incidence rate of AIS in patients on maintenance dialysis was 8-folds higher than in non-dialysis patients (1019 per 100 000 versus 123 per 100 000, P<0.001) ( Figure 2 ). However, there were significant differences in the trends of AIS incidence between the 2 groups: While the incidence of AIS decreased significantly overtime in dialysis patients (from 1390 per 100 000 in 2003 to 783 per 100 000 in 2014, P trend <0.001), it remained stable in non-dialysis patients (133 per 100 000 in 2003 and 124 per 100 000 in 2014, P trend =0.78). Dialysis patients were younger (67AE13 years versus 71AE15 years) and had significantly higher percentages of females (55.6% versus 53.1%, P<0.001), and patients of black and Hispanic races compared with non-dialysis patients (35.2% versus 14.6%, and 16.7% versus 7.6%, P<0.001 for all). Dialysis patients also had significantly higher prevalence of atherosclerotic risk factors, anemia and heart failure but similar prevalence of atrial fibrillation compared with non-dialysis patients (Table 1) . There was a similar increase in the utilization of thrombolytics in dialysis and non-dialysis patients between 2003 and 2014 (0.6-5.6%, and 1.1-7.2%, respectively, P trend <0.001 for all) (Figure 3 ). Mechanical thrombectomy remained uncommonly utilized in both group (0.2% and 0.5% in dialysis and non-dialysis patients, respectively). Dialysis patients were more likely to be treated at teaching and urban hospitals ( Table 1) . Majority of patients (42.3% versus 44%, P<0.001 in the non-dialysis versus dialysis group, respectively) resided in southern states. Dialysis patients were more likely to be insured by Medicare (88.2% versus 73%, P<0.001) and to be in the lowest (0-25th percentile) of median household income (37.5% versus 30.7%, P<0.001). After propensity matching for age, sex, comorbidities and hospital characteristic, baseline characteristics became well balanced between the 2 matched groups ( Table 1) .
Outcomes of the Unmatched Cohorts
In-hospital mortality was significantly higher in the dialysis group (7.4% versus 5.0%, P<0.001). However, this mortality gap narrowed overtime (Figure 4 ). Dialysis patients also had higher incidences of gastrointestinal bleeding, blood transfusion and infectious complications with the exception of urinary tract infections, which was higher in the non-dialysis cohort ( Table 2 ). Hemorrhagic stroke conversion was, however, similar between dialysis and non-dialysis patients (1.3% versus 1.3%, P=0.83). Surrogates of severe disability (mechanical ventilation, tracheostomy and non-home discharges) were more frequent in the dialysis group, who also had longer hospitalizations and higher cost of care. 
Outcomes of the Matched Cohorts
After vigorous propensity matching adjusting for baseline demographics, clinical co-morbidities, region, insurance status and hospital characteristics, the 2 groups were well matched ( Table 2 ). In-hospital mortality remained significantly higher in the dialysis group (7.6% versus 5.2%, P<0.001). However, most complications became non-significantly different between the 2 groups, with the exception of blood transfusion and sepsis, which were higher in the dialysis cohort and urinary tract infection, which was higher in the non-dialysis cohort (Table 2 ). Mean hospital length of stay remained longer (8AE9 versus 7AE10, P<0.001), and mean hospital cost remained higher ($16 517AE$20 255 versus $14 683AE$20 597, P<0.001) in the dialysis group. Both sepsis and blood transfusion were significant predictors of in-hospital mortality in the dialysis cohort (Table 3) .
Discussion
The major findings of this investigation are: (1) Dialysis patients have 8-fold higher incidence of AIS compared with non-dialysis patients. However, the incidence of AIS in the dialysis population decreased significantly in the past decade while it remained stable among non-dialysis patients; (2) Dialysis patients experiencing AIS have distinctive demographics and clinical risk profiles compared with those not on dialysis; (3) In-hospital mortality following AIS is higher among dialysis than non-dialysis patients, but this mortality gap narrowed overtime; and (4) AIS in dialysis patients is associated with higher rates of infectious complications and blood transfusion, longer hospitalizations, and higher cost of care.
Patients with end-stage renal disease on dialysis have higher prevalence of vascular risk factors and cardiovascular events than non-dialysis population. Their incidence of AIS is therefore anticipated to be higher than the non-dialysis population. Seliger et al first reported an excess incidence of AIS among the dialysis population in the United States between 1993 and 1998. 3 In their study, patients on dialysis had significantly higher odds of experiencing AIS than nondialysis patients (odd ratio 6.1, and 10.1 for white males and females and 4.3 and 6.5 for black males and females, P<0.001 for all). Other studies investigating the incidence of AIS in dialysis patients were single center, non-contemporary or primarily involved non-US population. 2, 8, [16] [17] [18] To our knowledge, this is the largest study examining contemporary rates of AIS in the dialysis and non-dialysis population. Similar to the findings by Seliger et al, our study shows that the incidence of AIS in dialysis patients is several folds higher than patients who are not on dialysis. Indeed, dialysis patients constituted 1.5% of all patients admitted with AIS in the United States between 2003 and 2014. Nevertheless, the incidence of AIS in dialysis patients decreased by 36% during the study period, while it remained unchanged in non-dialysis patients. The underlying mechanism of this decrement is unknown, but some potential causes can be speculated. The substantial improvement in dialysis access care, the temporal increase in the number of kidney transplantation, and the widespread use of Erythropoiesis-Stimulating Agents may have possibly contributed to the decline in AIS rate among dialysis patients in the past decade. 19 However, further studies are needed to understand the underlying mechanisms of the excess AIS rate in dialysis patients to identify opportunities for further improvement. Examination of the differences in the clinical risk profiles and demographics and between dialysis and non-dialysis patients reveals several intriguing findings: (1) Over 35% of dialysis patients admitted with AIS are of black race. This percentage is higher than the percentage of black individuals in the overall population, it is indeed proportional to their percentage of black patients among dialysis patients in the United States, 13 (2) Dialysis patients experiencing AIS are more likely to be cared for at urban, teaching hospital and to be in the lowest quartile of median household income, (3) Although dialysis patients had higher prevalence of hypertension, diabetes mellitus, coronary and vascular diseases, and heart failure, they had lower prevalence of atrial fibrillation, a major risk factor for AIS. This could be related to the lower incidence of atrial fibrillation among black and Hispanic patients, who together constituted 50% of the AIS dialysis population, 20 and (4) Despite the higher prevalence of vascular disease and the higher perceived risk of bleeding among dialysis patients, the utilization of thrombolytic increased proportionally in dialysis and non-dialysis patients. The utilization rates of mechanical thrombectomy were minuscule in both groups, because these data preceded the published trials demonstrating the significant benefit of thrombectomy in selected AIS patients. 21 The higher mortality following AIS in dialysis versus nondialysis patients has been suggested in prior studies: in a recent analysis from the large Get With The Guidelines database, risk-adjusted in hospital mortality among dialysis patients admitted with AIS was 56% higher than in patients with normal renal function. 5 However, this analysis is limited by only including patients ≥65 years of age and ensured by Medicare, while 45% of dialysis patients admitted with AIS in our study were <65 years of age. In a nationwide cohort of patients admitted with AIS in Taiwan, 30-day mortality was greater in dialysis patients than in those with normal kidney function (hazard ratio, 2.33; 95% confidence interval=1.80-3.02). 22 Our data are in line with the aforementioned studies, demonstrating a 46% increase in risk-adjusted inhospital mortality among dialysis patients admitted with AIS compared with non-dialysis patients. However, our study shows a persistent decline in post-AIS morality among dialysis patients in the past decade. Although the granularity of data in this study precludes accurate speculations on the causes of this mortality trend, it is in line with the decreasing mortality rates among dialysis patients overall in the past decade.
14 Data on the potential impact of dialysis status on AIS severity and complications are limited. El Husseini et al found that dialysis status was associated with lower odds of home discharge following AIS in patients >65 years of age (odd ratio 0.86; confidence interval 0.79-0.94, P<0.001).
5 Nonhomes discharge is an indirect surrogate to severe disability following AIS. In our study, although dialysis patients had higher rates on non-home discharge overall, no statistically significant differences were seen in discharge status after risk adjustment between dialysis and non-dialysis patients. Other surrogates of severe disability (gastrostomy, mechanical ventilation, and tracheostomy) were also not statistically significantly different in the propensity matched cohorts. Nevertheless, AIS in dialysis patients was associated with longer hospitalization and higher cost despite risk adjustment. These findings may have important implications on the management of AIS in the dialysis population, in whom certain treatment decisions might be taken or forgone because of fear of bleeding complications or anticipated functional recovery.
Limitations
This study has several limitations.
(1) The NIS is an administrative database that gathers data for billing purposes and can be limited by erroneous coding. However, we used ICD-9-CM codes for AIS and its complications that have been shown to have high specificity and positive predictive value. 23, 24 In addition, the hard, clinical end points used in our analysis (in-hospital mortality) are difficult to miscode, (2) To ensure accuracy of the diagnosis; we limited the inclusion of patients with AIS to those in whom the primary admission was for AIS. Patients hospitalized for other reasons in whom AIS occurred later in the hospitalization were excluded. Therefore, the true incidence of AIS in both groups is likely higher than what is reported in this study, (3) NIS allows detailed assessment of in-hospital outcomes. However, baseline laboratory and brain imaging data are not captured. Also, data needed to calculate traditional stroke severity scale numbers are not available in NIS. We used surrogates of stroke severity that have been previously used in administrative databases, 25, 26 (4) the potential for unmeasured confounders may bias the outcomes results. However, we believe that our rigorous propensity matching has adequately addressed this selection bias, and (5) lastly, long-term outcomes beyond hospital discharge are not available in NIS. However, our findings of high but gradually improving rates of inpatient mortality and substantial cost and resource utilization following AIS in hemodialysis patients provide important insight to the clinicians caring for these patients.
Conclusions
Despite the temporal decline, the incidence of ischemic stroke among dialysis patients remains several folds higher than patients not on dialysis. After risk adjustment, rates of in-hospital mortality, blood transfusion, and sepsis were higher among dialysis patients, who also had longer hospitalizations and accrued a higher cost of care. Further studies are needed to identify appropriate strategies for stroke prevention and optimal management algorithm in dialysis patients.
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